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GENERAL INTRODUCTIQN 
Maize seed decay in early planting 
Stand establishment during early spring has been a common 
problem in production of maize (Zea maydis L.) in the U.S.A. 
Failure of maize seed to germinate and emerge has been 
associated with unfavorable soil conditions, particularly low 
teitperature. Low soil tenperature delays germination and 
causes seeds to be susceptible to seed decay. As a result, 
emergence is non-uniform, seedling vigor is decreased, and 
eventually loss in yields may occur (Mock and McNeill, 1979; 
Schultz and Bateman, 1968/ Dubetz et al, 1962). 
It is generally accepted that physiological and 
pathological damage can occur to maize seeds at low soil 
tertperature. According to Cal and Obendorf (1972), sweet com 
seeds are particularly sensitive to membrane damage when 
imbibition occurs between 0 °C and 15 °C. Germination may be 
slow and, in the presence of pathogens, seeds can become 
further injured by a combination of low tenperature and 
pathogens. Because of the potential for frost damage at the 
end of the season, however, farmers in the mid-western United 
States prefer to take the risk of early planting. Regardless 
of which one of these factors may have the biggest inpact on 
seed deterioration under cold soil conditions, the problem has 
traditionally been remedied by using high quality seeds 
treated with a fiangicide. 
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A considerable amount of research has been done to 
determine the pathological irrplications of early planting of 
maize. Although several soilbome fungi have been associated 
with maize seed decay, Pythiim spp. have been recognized as a 
major cause of seed decay and seedling blight of maize under 
cold and wet soil conditions. In Iowa, Hampton and Buchholtz 
(1959) recovered Pythium irregulars Buisman from 37% of the 
maize roots removed from field soil. Kondo et al (1986), in 
Japan, reported that five Pythium species (P. paroecandrum 
Drechs., P. spinosum Sawada, P. sylvaticum Canpbell and 
Hendrix, P. ultimm Trow, and an unidentified Pythium spp.)  
damaged the embryos and endosperms of ungerminated maize seeds 
planted in maize monoculture soil at 10 °C. They suggested 
that Pythium spp. were the main cause for the occurrence of 
seed decay when low soil tenperature persisted for several 
days after planting. Pythium aphanidermatum (Edson.) Fitzp., 
P. arrhenamanes Drechs. and P. graminicolum Subramaniam were 
reported to induce seed rot (Vanterpool and Spraque, 1942; 
Hooker, 1953; Hampton, 1957; Hampton and Buchholtz, 1962; Lai 
and Saksena, 1977; Rao et al, 1978), while Pythium debaryanum 
Hesse, P. paroecandrum , P. splendens Braun, P. ultimum, and 
P. vanterpoolii V. and H. Kouyeas have been associated with 
root rot (Hooker, 1953; Kendrick, 1953; Liu, 1917; Park, 
1977) . Seedling blight of maize is commonly caused by Pythium 
debaryanum, P. ultimum, and P. aphanidermatum (Hooker, 1953; 
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Kendrick, 1953; Lai and Saksena, 1977; Liu, 1977). 
Increased exudation of sugars from seeds that occurs when 
seed germination is delayed has been directly related to 
increases in soilbome pathogens damaging seed germination 
(Harman and Stasz, 1986) . Nelson (1987) found that seeds of 
species which produced very little exudate during incubation 
were protected more effectively from Pythium attack by 
Enterobacter cloacae and Erwinia herbicola, applied as seed 
treatments, than seeds of species which released abundant 
exudate. However, this type of biological control was not 
effective in protecting maize when seeds rapidly released 
carbohydrates during germination (Nelson, 1987). 
Control 
Planting high, quality seed is an inportant management 
technique to protect maize seed from attack by soilbome 
Pythium spp. Almost all maize seed is treated with 
the fungicide captan (N-trichloromethyl-4-cyclohene-l,2-
diccirboximide) . This chemical was first introduced in 1953 
and its extensive use over 40 years has proven it to be an 
excellent protectant for maize seeds. However, there is 
little experimental data to prove that captan controls Pythium 
under field conditions. Pedersen (1982) reported that captan 
3ODD iitproved stands when applied as seed treatment for both 
B73 X LH38 and B73 x Mol7 commercial hybrids, although, the 
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emergence response did not consistently result in yield 
increases. Research into the effect of captan seed treatment 
on early growth of maize imder soil conditions conducive for 
seed rot and preemergence danping-off showed that at 26 days 
after planting, establishment and growth was more imeven in 
the imtreated control than with captan seed treatment (Summer 
and Phatak, 1986). Pedersen et al (1986) showed the 
usefulness of captan seed treatment in increasing plant stands 
and grain yields at early planting dates. More recently, 
Parera and Cantliffe (1990) reported that captan seed 
treatment iirproved stand establishment and uniformity in 
supersweet maize cultivars.. Sweets and Baker (1990) evaluated 
captan 400 on LH51 x LH74, and B73 x M017 planted at early 
season and found that there were no significant differences in 
either stand count or yield between fungicide seed treatment 
and the untreated control for LH51 x LH74 but that for B73 x 
M017 there were significant differences in stand count though 
no significant differences in yield. Raybum et al (1993) 
foimd that captan, when applied to kernels at the recommended 
rates, decreased the nuclear DMA of maize seedlings. They 
hypothesized that cellular mechanisms may return the nuclear 
DNA amounts to normal level as maize seedlings continue to 
grow and cells divide. Captan has also been associated with 
CTvironmental contamination and human health risks. For this 
reason, the Environmental Protection Agency (EPA) has since 
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1980 maintained captan under observation and eventually may 
remove it from use. 
There has recently been considerable interest in 
developing alternative seed treatment methods, including 
biological agents and seed priming as alternatives to 
fungicide seed treatments. Kaufman (1991) indicated that many 
of these alternative products can be combined with coatings in 
order to enhance performance of crops which are sowed under 
stress conditions. Various polymers have been developed for 
agricultural purposes. They have been utilized as a means of 
increasing the size delivery of small seeds, as carriers for 
growth regulators, microorganisms, fertilizers, and as gels. 
Polymers seed coatings have been evaluated for seed response 
to various soil moisture conditions, phytotoxicity, uniformity 
of coverage of seeds, and viscosity stability. For exanple, 
the survival of Rhizobivm applied to seeds can be greatly 
iitproved when combinated with appropriate seed coatings. 
Banyai (1987) pointed out that the polymer, N-Gel, with a 
polysaccharide cortposition, provided a viable (^ growth medium 
for Fhizobivm japonicum, enabling the microorganism to 
maintain high counts over a period of 24 hours. Also, the 
same author indicated that the N-Gel polymer may provide a 
suitable medium for beneficial enzymes as part of a seed-gel-
microorganism-enzyme package. 
Degradable polymeric seed coatings offer a possible 
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alternative to prevent stand reductions of maize because they 
can regulate the rate of water imbibition by seeds which could 
allow seeds to escape infection by pathogens. Measurements of 
water uptake by some polymers indicate they can absorb over 
2000 times their weight of water (Baxter and Waters Jr., 
1987) . Thus, controlling the polymer concentration in a seed 
coat application could provide a mechanism to control water 
availability to the seed. However, it is not totally clear if 
the polymers can reduce or accelerate the water uptake or 
whether or not polymers can provide the seeds with a 
protective barrier to avoid the pathogen attack. It has been 
shown that polymeric coating materials can reduce invasion of 
maize and soybean by Aspergillus and Penicillivm spp. in seed 
stored at high relative humidity by reducing the rate of 
moistiare uptake (McGee et al, 1988) . However, there is no 
information on whether these coating materials affect 
soilbome pathogens under field conditions. 
Rationale and Objectives 
Maize seeds are particularly vulnerable to Pythium spp. 
attack when subjected to cold and wet soil conditions after 
planting (Rao et al, 1978). Effective control can be achieved 
by seed treatment with the fungicide captan. Regardless of 
captan efficiency, the efficacy of seed treatment has been 
highly variable due to poor retention or non-\miform 
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distribution of the fungicide on the seeds. Seed treatment 
and its relationship with soil conditions have received little 
attention, and cases of erratic control in the field often 
cannot be e3<plained (McGee, 1981) . Increasing concerns about 
human health risks and environmental contamination are reasons 
for developing alternative methods to replace or reduce the 
use of captan. Seed treatments that involve the use of 
nontoxic materials are desirable. Interest in the use of 
degradable polymeric seed coatings as carriers for chemical 
and biological control agents is growing. The potential of 
polymers to improve retention of the active ingredient on 
seeds could reduce the amount of fungicide used while 
inproving efficacy. However, there is little information on 
whether seed coating materials avoid deterioration of seed 
planted imder cold and wet soil conditions and enhance 
germination and emergence. I propose the following potential 
mechanisms for action of polymers as protectants for 
germinating seeds. First, they may increase the rate of maize 
seed germination under stress conditions by increasing the 
water uptake and thus the seedling may escape early seed decay 
by Pyttiivm spp. Second, they may directly act as barriers to 
Pythium spp. penetration and colonization of maize seeds. 
Third, they may be used in combination with fungicides to 
increase fungicide efficacy against the target organism by 
iirproving retention of the active ingredient on seed, and 
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thereby reduce captan usage. 
The present study investigated the potential of polymer 
seed treatment of maize, either alone or in combination with 
captan, to ensure an adequate plant stand and reduce seed 
decay by soilbome Pythivm spp. under field conditions. 
Dissertation Organization 
This dissertation consists of acknowledgments, a general 
introduction, the main body, which consists of two articles 
that will be submitted to Plant Disease for piiblication, a 
general summaiy, a bibliography of literature cited in the 
general introduction, and appendices. The Ph.D. candidate, 
Berto Arias-Rivas, will be the senior author on the two 
articles, and the coauthors will be Drs. Denis McGee and J. S. 
Burris. 
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EFFECT OF POLYMERIC SEED COATING ON MAIZE STAND ESTABLISHMENT 
AND SEED DECAY CAUSED BY PYTHIUM SPP. OF TWO DIFFERING QUALITY 
SEED LOTS 
A paper to be submitted to Plant Disease 
Berto Arias-Rivas, D. C. McGee, and J. S. Burris 
ABSTRACT 
The effects of film-coating polymers used as seed 
treatments, either alone or in combination with captan on 
field emergence and final stand of two hybrids of maize 
differing in quality are reported. Emergence rate index (ERI) 
and final establishm^ t were used to interpret seed treatment 
efficacy for control of maize seed decay induced by Pythium 
spp. Polymers applied alone had no significant influence on 
emergence rate of either high or low vigor seeds in conparison 
with \intreated controls. The polymer Certqp, in combination 
with captan, was as effective as captan alone in increasing 
rate of emergence. In the low vigor seed lot, the ERI was 
increased from 2.70 for the imtreated control to 6.06 and 6.28 
for captan and captan plus Certop treated seeds respectively, 
in the low vigor seed lot. For the high vigor seed lot, the 
ERI was increased from 5.82 in xmtreated control to 7.02 and 
7.54 for captan and captan plus Certop, respectively. For 
both high and low quality seeds, treatments that increased ERI 
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also significantly increased final emergence and seedling 
height. The pattern of colonization of the seed coat and 
embryo of ungerminated seeds by Pythium spp. evaluated 4, 8 
and 15 days after planting, gave no evidence that seed 
treatment with polymers alone prevented seed infection by 
soilbome Pythima spp. For both high and low vigor seed lots 
a reduced level of embryo and coat infection at 4 and 8 days 
after planting was associated with seeds treated with polymers 
in combination with captan. The incidence of Pythium spp, in 
the embryo and coat of ungerminated maize seeds, determined 
over time and across the different seed treatments, was 
negatively correlated with emergence rate and final stand, 
particularly for the low vigor seed lot. Pythium ultimm and 
P. irregulars were the species most frequently isolated from 
both seed coats and embryos. Polymers in combination with 
captan were as effective as captan alone in increasing the 
rate of emergence and improving seedling height at early 
planting. However, Pythium control using polymer seed 
coatings was inconsistent when they were used alone or in 
combination with captan. 
INTRODUCTION 
Pythium is a soil-inhabiting fungus that is responsible 
for seed rot and root rot in a wide range of hosts. For maize 
seeds, the interval between planting and seedling emergence is 
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critical because of the rapidity of seed attack by many 
Pythium spp. Pythium is a particular problem for maize 
planted in early spring in cold soils. Effective control can 
be achieved by fimgicide seed treatment with captan { [ (N-
trichloromethyl)thio]-4-cyclohexene-l,2 dicarboximide}. The 
prevalence of Pythium appears to be the main reason why almost 
all maize seed in the U.S.A. is treated with captan (Pedersen 
et al/ 1986). However, increasing concern about human health 
risks and environmental contamination by synthetic chemical 
fungicides, have motivated research into developing 
alternative methods to fungicide seed treatments. Seed 
technology studies have demonstrated that biodegradable 
polymers can regulate water uptake by seeds and consequently 
delay or increase the rate of seedling emergence. Baxter and 
Waters, Jr. (1987) showed that the hydrophilic polymer 
Water lock BlOO maintained a high water content around sweet 
maize seeds thus accelerating imbibition. Another report 
indicated that the polymer Sepiret induced more rapid and 
uniform rate of water uptake and faster initial maize seed 
germination under field conditions (Burris, 1991). Polymeric 
coatings also can reduce invasion by storage fungi in maize 
and soybean seeds stored under high relative humidity by 
reducing the rate of moisture uptake (McGee et al, 1988). 
None of these studies, however, indicated that the 
polymeric coating can accelerate the rate of germination and 
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allow seeds to avoid early infection by soilbome pathogens. 
The present study was carried out to evaluate the 
effectiveness of polymers applied to maize seeds as 
protectant against seed decay caused by soilbome Pythium spp. 
MATERIALS AND METHODS 
Greenhouse study 
Seed treatments 
In 1992, seeds of the hybrid maize 6114 mR were treated 
with the polymers Surelease (ethylcellulose dispersion) at 5% 
rate of application; Sacrust (Sarea, Linz, Austria) at 5% rate 
of application; Sepiret at 5% rate of application; Chitosan 
(Nutri-save®, Nova Chem Limited, Halifax, Nova Scotia, Canada) 
(N, 0-carboxymethylchitosan) at 2.5% rate of application and 
Daran (vinylidine chloride-methylmethacrylate-methacrylate-
acrylic acid polymer) at 1% and 2% rate of applications; and 
the combinations Chitosan plus captan {[ (N-
tricholoromethyl) thio] - 4 - cyclohexene -1,2 dicarboximide} 
(Captan 30DD), and Daran (at 1% rate of application) plus 
captan. Seed treatments were applied in a fluidized bed 
coater developed at the Seed Science Center, Iowa State 
University (Ames, Iowa) (Burris et al, 1994) . Polymers alone 
were applied at a rate of 100 ml kg"^  seed and polymer plus 
captan treatments were applied at a rate of 100 ml;50 ml 
polymer:captan (500 ppm stock solution) kg'^  seed. The 
13 
fungicides captan alone at 1.5 ml kg'^  seed and metalaxyl alone 
{(N- [ (2,6-dimethylphenyl-N (methoxyacetyl) ] alanine methyl 
ester} (i^ ron-FL) at 1.0 ml kg'^  seed, coitprised the rest of 
the treatments. Four replicates of fifty seeds per treatment 
were planted in field soil, naturally-infested by Pythium spp. 
and incubated for 7 days at 10 °C. Flats were transferred to 
greenhouse conditions after the cold treatment was conpleted. 
Experimental design and data analysis 
Treatments were arranged in a conpletely randomized 
design. Seedling emergence was recorded daily over a 5 d 
period. Emergence progress curves were produced by plotting 
cumulative percentage emergence against time. Linear 
regression of emergence on time was used to estimate the fifty 
percent emergence on time (Ego) to coirpare differences among 
treatments. 
Seed colonization by Pythlvm spp. 
On the fifth day after cold treatment, five ungerminated 
seeds per replicate were removed from the soil. Seeds were 
carefully washed with tap water for 20 minutes to remove soil 
particles and seed coats were separated aseptically and plated 
on selective medium for Pythivm spp. (Schmitthenner, 1980) and 
incubated in the dark at 25 °C for four days, after that the 
number of colonies in these sanples was recorded. 
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Field study 
Seed treatments 
In 1993, two hybrid maize seed lots were treated with a 
series of water soltible polymers either alone or in 
combination with captan {[ (N-tricholoromethyl) thio] -4-
cyclohexene-1,2 dicarboximide} (Captan 3ODD) at 500 ppm active 
ingredient. The hybrid maize seed lot 5601, produced by 
Sieben Hybrids, with a germination rate of 85%, was used as a 
high vigor seed lot, and the hybrid maize seed cross, 195 x 
212, with a germination rate of 58%, was used as a low vigor 
seed lot. A soil cold test (7 days at 10 °C followed by 7 
days at 25 °C) was conducted to determine the quality of both 
maize seed lots (AOSA, 1983). 
Polymers used included Sacrust (Sarea, Linz, Austria) at 
5% rate of application; Chitosan (Nutri-save®, Nova Chem 
Limited, Halifax, Nova Scotia, Canada) (N, 0 
carboxymethylchitosan) at 2.0% rate of application; and Certop 
(Cel-Pril, Manteca, California) at the rate of 5%. 
Polymers alone were applied at a rate of 100 ml kg"^  seed 
in a fluidized bed coater at the Seed Science Center, Iowa 
State University (Ames, Iowa) (Burris et al, 1994). Polymer 
plus captan treatments were also applied in the fluidized bed 
coater at a rate of 100 ml:50 ml polymer:captan (500 ppm stock 
solution) kg'^  seed. Seeds were maintained in the coating 
chamber imder constant and uniform movement for 10 min to 
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facilitate uniform film coverage, and drying of the seeds. 
Drying tetrperature was approximately 25 °C. The coated seeds 
were then stored in paper bags at 10 °C for 2-wk until 
planting time. Separate lots of each hybrid were treated 
with captan at 1.5 ml kg"^  seed and metalaxyl {(N-[(2,6-
dimethylphenyl-N (methoxyacetyl) ] alanine methyl ester} 
(7^ ron-FL) at 1.0 ml kg"^  seed, in a Batch Laboratory Treater 
(Gustafson Inc., Dallas, Tx.). 
Field planting 
Treated seeds were planted on 30 ^ ril 1993 at the 
Agronon^  Farm, Iowa State University, near Ames, Iowa. The 
two seed lots were evaluated in separate e^ erimental blocks. 
A total of nine treatments were used including each polymer 
alone or in combination with captan; captan or metalaxyl 
alone; and untreated control. Individual plots coitprised four 
rows, 5 m by 75 cm, with 100 seeds planted per row at a depth 
of 6 cm. The e3<perimental design was a randomized conplete 
block with three replications. 
Evaluation of field emergence and early growth 
Seedling emergence in the middle two rows of each plot 
was counted at 12, 16, 20 and 25 days after planting. Data 
from both high and low vigor seed lots were used to calculate 
an emergence rate index (ERI) using the equation proposed 
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by Erbach (1982); 
in which 
%n 
%(n -
n 
first 
last 
The ERI values calculated for each single plot on all 
observation date were added to coit^ are plant emergence rate 
among treatments. Final stand count and height of all 
seedlings in two middle rows of each plot were measured 25 
days after planting. 
Maximum and minimum soil tenperatures at 10 cm depth and 
rainfall were obtained daily from a weather station operated 
by the Department of Agronomy, Iowa State University, Ames, 
Iowa, located approximately 3 km from the e3<perimental site. 
ERI= %n %(n-l) 
n-Hrst ^ 
= percentage of plants emerged on day n 
1) = percentage of plants emerged on day n - 1 
= number of days after planting 
= number of days after planting that the 
first plant emerged (first coimting day) 
= number of days after planting when 
emergence was considered conplete (last 
coimting day) 
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Seed colonization by Pvthium spp. 
All nongerminated seeds were removed at 4, 8 and 15 days 
after planting from a randomly selected 1-m-long section of 
row in one of the outside rows of each plot. Ten 
nongerminated seeds from each plot were then arbitrarily 
selected and washed with tap water for 10 min. Seed coats and 
embryos were dissected aseptically from each seed and plated 
separately on a selective medium for Pythium spp. 
(Schmitthenner, 1980) . Plates were incubated in the dark at 
25 °C for 4 days and number of colonies of Pythium spp. 
growing from seed coats and embryos was recorded. A group of 
236 Pythium spp. colonies were selected at random, subcultured 
on water agar, and identified to the species level using the 
key of Waterhouse (1968). 
Statistical analysis 
All data were subjected to analysis of variance using SAS 
(SAS Institute, 1988) . Treatment differences were determined 
using Duncan's Multiple Range Test. Data collected for seed 
colonization by Pythium spp. were analyzed separately for each 
evaluation time. Pearson's correlation coefficients were 
calculated to determine if seed colonization by Pythium spp. 
was related to emergence rate, final stand and seedling 
height. 
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RESULTS 
Greenhouse stu(fy 
Stand differed significantly among seed treatments at 12 
days after planting (Table 1) . Emergence of seed treated with 
captan, metalaxyl, or captan in combination with Chitosan or 
Daran 1% was significantly greater than emergence of imtreated 
control. Seed coat infection for seeds treated with captan or 
captan-polymers was not significantly different from the 
mtreated control. When the emergence was evaluated for Ego 
data, the combinations of polymer plus captan or captan alone 
treatments had a significant effect on increasing emergence 
around the twelfth day after planting that was greater than 
the polymer treated seeds or the mtreated control (Fig. 1) . 
Field emergence and early growth 
For the low vigor seed lot the rate of emergence was 
significantly greater than the untreated control for captan 
applied alone and in combination with each polymer, Sacrust or 
metalaxyl (Table 2) . This statement also was true for the 
high vigor seed lot except for the combination Chitosan plus 
captan or metalaxyl. Polymer coatings alone had no 
significant effect on ERI coirpared with the mtreated control 
except for the Sacrust treatment, which increased ERI for the 
low vigor seed lot and decreased it for the high vigor seed 
lot. Values for final stands followed a patterns similar to 
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Table 1. The effect of seed coating treatments on stand at 12 
days after planting and seed coat infection of 
ungerminated seeds by species of Pythium (1992 
greenhouse experiment) 
Treatment Seedlings emerged 
(%)' 
Coat infection 
(%)' 
Captan 91.0 a 50.0 b 
Metalaxyl 89.0 ab 58.3 ab 
Chitosan + Captan 84.5 ab 62.5 ab 
Daran 1% + Captan 81.5 b 66.7 ab 
Sacrust 50.0 c 80.6 ab 
Surelease 48.0 c 75.0 ab 
Untreated 47.5 cd 80.6 ab 
Sepiret 44.0 cde 94.5 a 
Daran 2% 42.5 cde 61.1 ab 
Daran 1% 38.5 de 69.4 ab 
Chitosan 36.0 e 94.5 a 
 ^Average of seedlings emerged from 50 seeds planted per 
replicate and four replicates. Means in columns followed by 
the same letter are not significantly different according to 
Duncan's Multiple Range Test at P = 0.05. 
 ^Average of five ungerminated seeds and four replicates. 
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Fig\ire 1. Fifty percent emergence on time (Ego) of maize seed either captan or 
polymer plus captan treated (1992 greenhouse experiment) 
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Table 2. The effect of seed coat treatment on emergence rate 
index (ERI) determined over 12, 16, 20, and 25 days 
after planting of two maize seed lots differing in 
quality 
ERI^  
Treatment Low vigor seed lot High vigor seed lot 
Certop + Captan 6.28 a 7.54 a 
Captan 6.06 ab 7.02 a 
Sacrust + Captan 4.97 abc 7.11 a 
Chitosan + Captan 4.94 abc 5.93 be 
Sacrust 4.65 abed 4.80 d 
Metalaxyl 4.60 bed 6.66 ab 
Chitosan 3.57 cde 6.51 abc 
Certop 3.27 de 5.59 cd 
Ifiitreated 2.70 e 5.82 be 
 ^Total of four observations and three replicates. Means 
in columns followed by the same letter are not significantly 
different according to Duncans's Multiple Range Test at P = 
0.05. 
22 
those for the ERI (Table 3) . For both seed lots, seedling 
height was significantly greater than that in the untreated 
control in plants grown from seeds treated with captan and the 
combination Certop plus captan (Table 4) . Polymers applied 
alone also did not significantly increased seedling height in 
coitparison with the untreated control. 
Rainfall and soil teirperatures were unfavorable for seed 
gemination and emergence in 2-wk period after planting, 
averaging 8.8 mm and 17.4 °C, respectively (Fig. 2) . 
Colonization, of \ingerminated maize seed by Pythium spp. 
Low vigor seed lot. At 4 and 15 days after planting, 
colonization of seed coats by Pythium spp. was significantly 
different among seed treatments (Table 5) . At 4 DAP, no 
differences in infection of seed coats occurred among any 
treatment and the untreated control, except for Certop in 
which the coat infection was greater than did the imtreated 
control. At 15 DAP, seed coat infection of seed treated with 
captan alone and Sacorust or Certop combined with captan was 
better than infection control for only Sacrust and Chitosan. 
Embryo infection in the low vigor seed lot e3<pressed 
significant differences among seed treatments only at 8 DAP 
(Table 5) . The polymers, Chitosan, Sacrust, and Certop 
applied in combination with captan, yielded better control of 
embryo infection by Pythium spp. than that captan alone. 
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Table 3. The effect of seed coat treatment on final stand at 
25 days after planting of two maize seed lots 
differing in quality 
Final stand (%)^  
Treatment Low vigor seed lot High vigor seed lot 
Certop + Captan 81. 33 a 92. 50 a 
Captan 77. 50 ab 92. ,67 a 
Sacrust + Captan 69, .33 abc 93, .33 a 
Chitosan + Captan 68, .33 be 86, .67 ab 
Metalaxyl 64, .00 c 88, .17 ab 
Sacrust 58, .50 cd 65, .00 d 
Chitosan 49, .83 de 86, .17 ab 
Untreated 41, .33 ef 80, .83 be 
Certop 34, .67 f 77, .33 c 
 ^Average of three replicates. Means in columns followed 
by the same letter are not significantly different according 
to Duncan's Multiple Range Test at P = 0.05. 
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Table 4. The effect of seed coat treatment on seedling height 
at 25 days after planting of two maize seed lots 
differing in quality 
Seedling height (mm)^  
Treatment Low vigor seed lot High vigor seed lot 
Certop + Captan 81.1 a 103.2 a 
Captan 80.9 a 103.9 a 
Metalaxyl 67.7 ab 94.3 ab 
Sacrust 66.5 ab 83.1 abc 
CMtosan 63.2 ab 85.0 abc 
Sacrust + Captan 62.5 ab 91.7 ab 
Chitosan + Captan 62.4 ab 69.9 c 
Certop 58.4 b 74.5 be 
Uitreated 51.7 b 80.5 be 
 ^Average of 25 observations and three replicates. Means 
in columns followed by the same letter are not significantly 
different according to Duncan's Multiple Range Test at P = 
0.05. 
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Figure 2. Record of daily soil tenperature at 10 cm depth and 
rainfall for the experimental site from planting 
through field evaluations during 1993 
Table 5. Seed infection (%) by Pythlvm spp. of imgerminated seed^  at 4, 8, and 15 
days after planting (DAP) in a low vigor maize seed lot 
4 DAP 8 DAP 15 DAP 
Treatment Coat 
Inf. 
Embryo 
Inf 
Coat 
Inf. 
Embryo 
Inf. 
Coat 
Inf. 
Embryo 
Inf. 
Certop 51.7 a 28.3 46.7 71.9 a 79.0 ab 72.3 
Sacrust 35.3 ab 11.3 49.1 71.9 a 89.0 a 89.0 
Oiitosan 33.3 abc 13.3 48.7 62.5 ab 89.0 a 66.7 
Metalaxyl 16.0 bed 26.0 28.9 43.3 be 78.0 ab 94.3 
Untreated 14.0 bed 32.0 33.3 66.5 ab 81.3 ab 84.7 
Chitosan + Captan 3.3 cd 10.0 6.7 6.7 d 82.0 ab 82.0 
Captan 3.3 cd 6.7 6.7 34.4 c 40.0 b 51.0 
Sacrust + Captan 0.0 d 6.7 0.0 3.3 d 39.0 b 84.3 
Certop + Captan 0.0 d 6.7 3.3 6.7 d 66.7 b 56.7 
 ^Average of ten imgerTtiinated seeds and three replicates. Means in colijmns 
followed by the same letter are not significantly different according to Duncan's 
Multiple Range Test at P = 0.05. 
^ Columns with no letters indicate no significant difference. 
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High vigor seed lot. Colonization of seed coats by Pythivm 
spp. was significantly different among treatments at 4 and 8 
DAP (Table 6). At 4 DAP, seed treated with Sacrust or 
Qiitosan seed treatments had less control of seed coat 
infection compared to the rest of the treatments. At 8 DAP, 
seed treated with captan alone and Certop or Sacarust in 
combination with captan resulted in better control of coat 
infection than did the untreated control. There were no 
significant differences between seed treatments for embryo 
infection by Pythium spp. at any saiipling time in the high 
vigor seed lot (Table 6). 
Pythivm ultiimim Trow and P. irregulare Buisman, 
representing 51% and 25% of the evaliiated colonies, were the 
species isolated from both seed coats and embryos. Other 
species found were P. spinosum Sawada and P. equdnulatum. 
Association between seed colonization and emergence, final 
stand and seedling height 
In the low vigor seed lot, high negative correlation 
coefficients were obtained between the embryo infection 
(averaged over 4, 8, and 15 DAP and all treatments), emergence 
rate index (ERI) and final stand \mder field conditions (Table 
7) . A similar pattern was observed for seed coats colonized 
by Pythium spp. A significant negative correlation 
coefficient was obtained between embryo infection and reduced 
height of maize seedlings in the low vigor seed lot. Coat 
Table 6. Seed infection (%) by Pythima sg .^ of ungeminated seed^  at 4, 8, and 15 
days after planting (DAP) in a high vigor maize seed lot 
4 DAP 8 DAP 15 DAP 
Treatment Coat 
Inf. 
Embryo 
Inf .2 
Coat 
Inf. 
Embryo 
Inf. 
Coat 
Inf. 
Embryo 
Inf. 
Sacrust 53.3 a 26.7 33.3 ab 36.7 76.7 90.3 
Chitosan 52.3 a 21.0 36.7 a 20.0 93.3 93.3 
Metalaxyl 27.0 b 10.3 "20.0 abc 20.0 86.7 69.0 
Untreated 20.0 b 20.0 .38.0 a 30.0 71.7 85.0 
Captan 11.0 b 17.0 3.7 be 11.1 53.3 63.3 
Chitosan + Captan 10.0 b 6.7 13.3 abc 13.3 62.0 66.7 
Certop + Captan 7.0 b 3.3 0.0 c 24.4 63.3 76.7 
Sacrust + Captan 3.3 b 16.7 0.0 c 0.0 69.3 88.7 
Certop 3.3 b 10.0 26.7 abc 23.3 76.7 76.7 
 ^Average of ten imgerminated seeds and three replicates. Means in columns 
followed by the same letter are not significantly different according to Duncan's 
Multiple Range Test at P = 0.05. 
^ Columns with no letters indicate no significant difference. 
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Table 7. Correlation coefficients for Pythivm spp. seed 
colonization^  of two different quality maize 
seed lots for the field e3<periment against emergence 
rate index (ERI), final stand and seedling height 
Seed corrponent ERI Final stand Seedling height 
Low vigor seed lot 
Embryo 
Coat 
-0.83** 
-0.71* 
-0.85** 
-0.79** 
-0.64* 
-0.50 
High vigor seed lot 
Embryo 
Coat 
•0.59 
-0.55 
-0.74* 
-0.61 
-0.23 
-0.33 
 ^Averaged value over 4, 8 and 15 days after planting (10 
seed saitples/plot/replication) . 
*, ** Significant at the 0.05 and 0.01 levels, 
respectively. 
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infection was not significantly correlated with seedling 
height. In the high vigor seed lot, statistically significant 
correlation exists between embryo infection and final stand. 
DISCUSSION 
This study has demonstrated that treatment of maize seeds 
with degradable polymers in combination with captan is as 
effective as captan alone in increasing seedling emergence 
rate, thereby inproving seedling stands and seedling height 
over untreated control, particularly from a low vigor seed lot 
under field conditions. These results contrast with reports 
in which no significant difference in seedling emergence was 
foimd for maize seed treated with captan plus the seed 
dressing polyglucosamine vs. untreated controls (Epstein and 
Martinson, 1990) and with other report (Sweets and Baker, 
1990) that captan did not increased stand count over that for 
the mtreated control. 
The test was conducted under conditions favorable for 
seed and root pathogens in that the soil was cooler and wetter 
than normal in the 3-wk period after planting, and extensive 
Pythivm spp. infection occurred on nongerminated seeds, 
regardless of the original vigor of the seed lot. 
Our results have also shown that captan was effective in 
reducing infection of seeds by Pythium spp. under field 
conditions. Although, this had been demonstrated in 
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greenhouse studies we could find no other published report to 
demonstrate this in the field. This means that under 
conditions conducive for Pythivm spp. infection, the strategy 
of treating maize seeds with captan may offer benefits. 
Polymers in combination with captan were inconsistent in 
reducing infection of seeds by Pythivm spp. This result 
demonstrated that the addition of captan to polymer confers no 
advantage over captan alone, but can be a carrier of the 
fmgicide as suggested by others (Vavrina and McGovem, 1990) . 
There was no evidence that seed treatments using polymers 
alone could provide protection against infection by Pythium 
spp. 
This is one of the few studies of polymer-treated maize 
seed in which pathogen control was related to seedling 
emergence and early growth imder field condition conducive for 
Pythivm spp. seed decay. It provides a starting point for 
further research on mechanisms for control of soilbome 
pathogens. Nonetheless, some considerations about polymer 
chemical conposition and its performance under field 
conditions must be taken into account. It is well known that 
Pythivm spp. attack occurs a few hours after planting. Singh 
(1965) commented that maize seed germination is at a 
disadvantage in the presence of germination of Pythivm 
propagules, which rise in number within 48 hours after 
planting as a result of zoospore release. Nelson (1987) has 
32 
shown that Pythium sporangia were capable of germinating 
one to two hours after sowing imbibing seeds. If the 
fungicide carried by the polymer is not released fast enough, 
colonization may occur in a short period of time. Another 
situation that can render the polymeric system ineffective in 
the control of soilbome fmgi occurs in the rehydration 
process of the polymer during germination. Rehydration can 
cause release of the polymer solvent which may serve to 
stimulate Pythium propagules. Nelson and Hsu (1994) 
hypothesized that as the sporangia become old they become 
increasingly sensitive to exudate stimulants. In the present 
case, Pythiiun oospores present from the last crop season 
doubtless are nutrient deprived and are thus likely to respond 
quickly to the presence of seed exudates or polymer solvents 
acting to encourage oospores germination. In conclusion, 
treatment of maize seeds with polymers in coiT±)ination with 
captan is as effective as captan alone in increasing the rate 
of emergence and improving seedling height at early planting. 
However, Pythium control using polymer seed coatings is 
inconsistent when they are used alone or in combination with 
captan. 
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USE OF POLYMERIC SEED COATINGS FOR REDUCING FUNGICIDE 
APPLICATION ON MAIZE SEED FOR CONTROL OF SEED DECAY CAUSED BY 
PYTHIUM SPP. 
A paper to be submitted to Plant Disease 
Berto Arias-Rivas, D. C. McGee and, J. S. Burris 
ABSTRACT 
The potential of two water soliible polymers, Daran® 8600-
C (vinylidine chloride-methyl methacrylate-methacrylate-
acrylic acid polymer) and Chitosan (Nutri-Save®) (N, 0, 
carboxymethylchitosan), applied alone or in combination with 
captan at three different rates to maize seeds for control of 
seed decay by Pythium spp., was evaluated in field and 
laboratory e2q3eriments, In the field trial, seed treatments 
were evaluated for their effects on emergence rate, final 
stand, seedling height, seedling root length, and ungeminated 
seed colonization by soilbome Pythium spp. at three different 
times after planting. In the laboratory/-, emergence and final 
stand were measiired in a soil cold test using soil naturally 
infested by Pythium spp. All dosages of captan itrproved the 
rate of emergence cornpared to the untreated control. Captan 
alone at 200 ppm seemed to be equally effective in iitproving 
final stand in both field and laboratory tests as captan at 
the commercial rate. Captan applied at the standard rate (600 
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ppm), however, resulted in the greatest seedling height and 
root length. Daran combined with captan did not iirprove any 
of the emergence parameters conpared with the untreated seeds 
and Chitosan significantly reduced emergence and final stand 
when combined with captan at 200 ppm. Captan at 600 ppm, 
captan at 200 ppm, and Chitosan plus captan at 600 ppm 
consistently reduced coat infection by Pythivm spp. at 4 days 
after planting (DAP) . For the rest of the evaluation times, 
none of seed treatments significantly reduced coat infection 
cottpared to the untreated control. Seed embryo infection was 
significantly less for seeds treated with captan at the 
standard rate of application at 4 DAP in conparison with the 
untreated control. At 8 DAP, embryo infection of seeds 
treated with Chitosan was greater than embryo infection of the 
untreated control. Seed treatments did not significantly 
reduce embryo infection at 15 DAP. Seed treatment with 
polymers alone did not provide protection against infection 
nor improve plant emergence. Under in vitro conditions 
Chitosan showed a fungistatic effect on Pythium spp., but this 
effect was not expressed under field conditions. We conclude 
that the commercial rate of captan application to ensure 
acceptable emergence rate and final stand could be reduced. 
Seed treatment polymers, used in this study, in combination 
with reduced concentrations of captan were ineffective against 
infection of imgerminated maize seeds by Pythium spp. 
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INTRODUCTION 
In recent years there has been considerable interest in 
exploiting beneficial properties of polymer film coatings for 
agricultiiral piaiposes. More advanced studies have been done 
in the food and pharmaceutical industries, which apply polymer 
coatings in order to encapsulate materials and control their 
release and to separate reactive or incoiipatible conponents of 
a formulation (Dziezack, 1988). 
In related agricultural activities, polymers have 
been examined for the potential in controlling water uptake by 
seeds (Baxter and Waters Jr., 1987; Burris, 1991), control of 
fungal activity on grains stored under high relative humidity 
conditions (McGee et al," 1988), and protection of seeds from 
insect pests (Kosters and Hofstede, 1994/ Ester and De Vogel, 
1994) . This technology has also been used to standardize the 
shape of seeds and thus facilitate sowing (Schwinn, 1994). 
Polymers may prevent soilbome diseases because they have the 
ability to encapsulate fungicides or biological control agents 
and release them into the soil close the treated seed. In a 
preliminary study (Arias et al, 1993/ McGee et al, 1994), 
various mixtxires of coatings and fungicides were found to 
increase emergence rate and reduce Pythium spp. maize seed 
decay in seeds planted in early spring. This practice may 
also offer a more efficient delivery system for fungicides, 
thereby reducing standard commercial rates of applications. 
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These features in combination with increasing 
environmental restrictions on the current use of captan 
fungicide on maize seeds underscore the advantages that 
polymer coatings may have in seed technology. 
In this research, the potential of two seed coating 
polymers, Daran and Chitosan, as binding agents for three 
different captan dosages in maize seed treatments on control 
of Pythivm spp. during early planting was evaluated. 
MZ^TERIALS AND METHODS 
Seed treatments 
In 1994, a maize hybrid, LH 136 x LH 82, was treated with 
two polymers either alone or in combination with three 
different captan { [ (N-trichloromethyl) thio]-4-cyclohexene-
l,2,dicarboximide} (Captan 3ODD) dosages. The seed lot was of 
high quality as indicated by warm germination and cold test 
(AOSA, 1983) values of 94% and 88%, respectively. 
Film coating polymers evaluated in this research were 
Daran® 8600-C (vinylidine chloride-methyl methacrylate-
methacrylate-acrylic acid polymer), (W. R. Grace & Co., 
Lexington, Massachusetts, U.S.A.), and Chitosan 
(Nutri-save®) (N, 0,-carboxymethylchitosan), (Nova Chem Limited, 
Halifax, Nova Scotia, Canada) . Both water soluble polymers 
were applied to maize seeds alone at the rate of 2% liquid 
suspension for Chitosan and 25% liquid suspension for Daran. 
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Captan dosages of 200 ppm, 400 ppm and 600 ppm active 
ingredient (a. i.), alone or in combination with each polymer, 
cotrprised the rest of seed treatments. Stock solutions of 
different captan concentrations were prepared dissolving 1 ml 
Captan 3 ODD flowable concentrate formulation in the required 
volume of distilled water. All captan stock solutions were 
prepared two hours before the seed treatments were applied. 
All treatments were applied in a fluidized bed coater at 
Seed Science Center, Iowa State Ifiiiversity (Burris et al, 
1994) . The coating treatment suspensions were sprayed at the 
rate of 75 ml 500 g'^  seeds (25 ml:50 ml polymer;captan stock 
solution) into a coating chamber with a peristaltic-drive 
puirp. Constant uniform movement of the seeds for 10 min in 
the coating chamber allowed uniform film coverage and air-
drying of the seeds. Drying temperature was approximately 25 
°C. The coated seeds were then stored in paper bags at 10 °C 
for 1-wk until planting time. 
Field experiment 
Seeds treated with the two film coating polymers alone or 
in combination with captan were sown on 25 ^ ril 1994 at the 
Agronony Farm, Iowa State t&iiversity, near Ames, Iowa, in a 
field that had been planted to maize in 1993. Treatments were 
arranged in a coiipletely randomized block design with three 
replications of single plots of 4 rows, 6 m long and 75 cm 
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wide, with 50 seeds planted per row at a depth of about 6 cm. 
Evaluation of field emergence and early growth 
Emergence from the middle 2 rows of each plot was 
recorded daily, beginning 17 days after planting until 24 days 
after planting. The emergence rate index (ERI) was calculated 
according to Erbach (1982). ERI values calculated for each 
single plot at eight observation dates were added, and the 
total ERI value obtained was used to compare plant emergence 
rates among the seed treatments. Similarly, the day on which 
the greatest number of seedlings emerged was determined as the 
main day of emergence (MDE) as described by Shmueli and 
Goldberg (1971) and used to analyze differences among 
treatments. 
Final stand count and seedling height were determined 1 
month after planting by counting the n-umber of plants and 
averaging the height of 25 seedlings in the middle two rows of 
each plot, respectively. Ten seedlings also were randomly 
chosen and removed from each plot. After roots were washed 
under running tap water to remove soil particles, the primary 
root length was measured. Shoot and root samples from these 
seedlings were separated and dried for 24 h at 103 °C for dry 
weight determinations. 
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Weather data 
Maximum and minimum soil tenperatiires at 10 cm depth and 
rainfall were obtained daily from a weather station operated 
by the Department of Agronomy, Iowa State Iftiiversity, Ames, 
Iowa, located approximately 3 km from the experimental site. 
Colonization of ungezminated maize seeds and seedling roots by 
Pythivm spp. 
Ifiigeminated seeds from aim row section, randomly 
selected from one of the outside rows of each plot, were 
removed at 4, 8, and 15 days after planting. Ten seeds from 
each sairple were then arbitrarily selected and washed with tap 
water for 10 minutes. Seed coats and embryos were dissected 
aseptically from each seed and plated separately on medium 
selective for Pythivm spp. (Schmitthemer, 1980) . Plates were 
incubated in the dark at 25 °C for 4 days and the incidence 
level for each seed component was recorded. 
The percentage of stunted and yellowed seedlings was 
obtained in each plot when the final stand counts were made. 
Two of these plants were removed from each plot and the root 
systems washed with tap water for 30 min. The primary and 
seminal roots were then cut into several 5-mm-long segments. 
From each two plant sairples, twenty segments were plated in 
medium selective for Pythium spp. (Schmitthenner, 1980) . The 
number of pieces infected by Pythivm spp. was determined after 
42 
incubation for 3 days in the dark at 25 °C. 
Laboratory seed tests 
Conductivity test 
The exudate from treated seeds in free water was 
determined by placing two replicates of 100 seeds for all seed 
treatments in 3 ml distilled water for 24 h and measuring 
conductivity of each cell with an ASA 1000 m (Neogen Corp., 
Lansing, Michigan) . Electrolyte lealcage was determined by 
using partition thresholds of 140 /xA and 145 /xA for imtreated 
control and treated seeds, respectively. 
Soil test 
The treated seeds also were evaluated under laboratory 
conditions in an unsterilized field soil test. For each 
treatment 100 seeds were planted on a 2.5 cm layer of soil 
(500 g) on plastic trays with drainage holes, then covered 
with a second 2.5 cm layer of imsterilized field soil. The 
soil was saturated with 1 1 of water per tray. Treatments 
were arranged among three carts in a cotrpletely randomized 
block design with three replications. The carts were held at 
10 °C for 7 days, then transferred to 25 °C growth room for 5 
days. Emergence was counted daily after the transfer to 25 °C 
and emergence rate index calculated as described by Erbach 
(1982). As an additional untreated control included in this 
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test three replicates of 100 untreated seeds also were planted 
on a 2.5 cm layer of soil (500 g) on plastic trays with 
drainage holes, then covered with a second 2.5 cm layer of 
soil autoclaved at 120 °C for 20 min. 
Evaluation of Chitosan effect on Pythium ultimm Trot/ under in 
vitro conditions 
A bioassay was performed to test possible direct effects 
of Qiitosan (Nutri-save®) on a pathogenic isolate of Pythium 
ultimum that had been obtained from rotted maize seeds in a 
previous experiment. Water agar plates containing 0.0, 0.5, 
1.0 or 2.0% Chitosan concentration were inoculated with a 2-
mm-diameter APDA plug from a 5-day-old Pythium ultimum 
culture. Fifteen plates for each polymer concentration were 
inciibated \ander ambient laboratory light and tenperature 
conditions. Radial irycelial growth was recorded daily 
beginning on the day following seeding and continuing until 
the colony radius reached 50 mm, the maximal radial growth 
from the middle to the edge for a 16 x 100 mm petri dish. 
Statistical analysis 
Analysis of variance was carried out using SAS (SAS, 
Institute, 1988) . ERI, seedling height, root length, stunted 
and yellowed plants, shoot dry weight and root dry weight mean 
values were conpared by Duncan's Multiple Range Test, Data 
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collected for seed infection by Pythium spp. were analyzed for 
each evaluation time and across evaluation times. Pearson's 
correlation coefficients were calculated to determine if seed 
colonization by Pythium spp, was related to ERI, main day of 
emergence, final stand, seedling height and root length. ERI 
and final stand count from laboratory tests were coirpared 
using Duncan's Multiple Range Test. 
Effect of Qiitosan on Pythium ultimum imder in vitro 
conditions was analyzed by analysis of variance, and means 
and standard de-viations were used to conpare treatments. 
RESULTS 
Evaluation of emergence speed and early growth parameters 
The ERI for all dosages of captan alone was significantly 
greater than for the untreated control (Table 1) . The 
estimated main day of emergence (MDE) where seeds had been 
treated with captan 200 ppm was the only treatment 
significantly greater than for the imtreated control. Final 
stand was better with the captan 400 ppm and captan 200 ppm 
treatments than with the untreated control. Daran combined 
with captan did not inprove any of the emergence parameters 
cortpared with the mtreated seeds and Qiitosan significantly 
reduced emergence and final stand when combined with captan at 
200 ppm. Overall final stand was low for all treatments. 
During the first 2-wk after planting soil temperatures were 
Table 1. Effect of seed treatment with polymers, alone or in combination with captan 
fiingicide, on maize seedling emergence rate index (ERI), main day of 
emergence (MDE) and final stand vinder early planting 
Emergence measurements 
Treatment ERI^  MDE Final stand (%)^  
Captan 400^  4.05 a 19.00 ab 69.67 a 
Captan 200 3.85 a 23.67 a 70.67 a 
Captan 600 3.49 ab 19.67 ab 61.67 ab 
Daran + Captan 200 3.12 be 18.33 ab 56.00 be 
Daran + Captan 600 3.04 be 14.33 be 52.67 bed 
Daran + Captan 400 3.02 be 19.67 ab 53.00 bed 
Daran 2.68 c 13.67 be 48.00 ede 
t&itreated 2.67 c 14.33 be 50.67 bed 
Chitosan + Captan 400 2.65 c 15.33 abe 49.00 cd 
Chitosan + Captan 600 2.63 c 13.33 be 48.67 cd 
Chitosan 2.44 cd 9.00 e 43.00 de 
Chitosan + Captan 200 1.92 d 11.00 be 35.67 e 
 ^Total of eight observations and three replicates. Means in columns followed 
by the same letter are not significantly different according to Duncan's Multiple 
Range Test at P = 0.05. 
 ^Average percentage of seedlings in the middle two rows of each plot per three 
replicates counted at 1 month after planting. 
 ^Means ppm (parts per million) . 
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imich cooler than normal, averaging 11.2 °C (Fig. 1) . 
Several seed treatments significantly improved seedling 
height conpared to that for untreated seeds one month after 
planting (Table 2), including Chitosan plus captan (600 ppm), 
Daran plus captan (200 ppm) and Daran plus captan (400 ppm), 
for which height values were statistically similar to captan 
at the rates of 200, 400 and 600 ppm. The polymers alone did 
not significantly increase seedling height cotipared with the 
imtreated control. For root length values only captan at the 
standard rate of application showed a significant increase 
coirpared to the untreated control. 
Colonization of ungezminated maize seeds by Pythixm spp. 
Seed coats of ungerminated seeds were infected with 
Pythium spp. in each seed treatment at each evaluation period 
after plating (Table 3) . At 4 DAP, captan at the standard 
rates of application of 200 and 600 ppm, and the Qiitosan-
captan combination at the rate of 600 ppm had significantly 
less infected seed than the untreated control (Table 3) . At 8 
DAP, there were no significant differences in seed coat 
infection for treated or imtreated seed except for Chitosan-
captan 200 ppm combination in which coat infection was greater 
than for the untreated control (Table 3) . At 15 DAP, seed 
treated with captan alone at the standard rate of application 
(600 ppm) had significantly less infection than did the 
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Figure 1. Record of daily soil tenperature at 10 cm depth and 
rainfall for the experimental site from planting 
through field evaluations during 1994 
Table 2. Effect of seed treatment with the polymers Daran and Oiitosan alone or in 
combination with captan fungicide on maize seedling height and root lenght, 
1 month after planting 
Early growth measurements 
Treatments Seedling height (mm)^  Root length (ram)^  
Captan 600^  213.21 a 173.03 a 
Daran + Captan 200 212.02 a 147.28 b 
Captan 400 211.48 a 140.16 b 
Chitosan + Captan 600 211.46 a 147.13 b 
Captan 200 210.40 a 150.17 b 
Daran + Captan 400 208.99 a 138.33 b 
Chitosan + Captan 400 204.08 ab 156.53 ab 
Daran 203.63 ab 136.71 b 
Chitosan 202.95 ab 148.83 b 
IMtreated 197.41 b 144.50 b 
Daran + Captan 600 197.30 b 150.00 b 
Chitosan + Captan 200 195.10 b 157.77 ab 
 ^Average of 25 observations and three replicates. Means in columns followed by 
the same letter are not significantly different according to Duncan's Multiple Range 
test at P = 0.05. 
2 Average of 10 sanples and three replicates. 
 ^Means ppm (parts per million) . 
Table 3. Coat infection by Pythivm spp. of 'ungerminated seeds treated with the 
polymers Daran and Chitosan alone or in combination with captan fimgicide 
at 4, 8 and 15 days after planting (DAP) 
Coat infection (%)^  
Treatment 4 DAP 8 DAP 15 DAP 
Daran 78.9 a 75.0 ab 68.9 ab 
Oitreated 76.9 a 57.0 be 59.7 ab 
Daran + Captan 200® 72.3 a 71.6 abc 53.8 ab 
Chitosan 72.0 a 67.9 abc 66.6 ab 
Chitosan + Captan 400 68.1 ab 70.8 abc 68.8 ab 
Daran + Captan 600 61.2 abc 56.7 be 72.3 a 
Captan 400 61.0 abc 63.9 abc 52.8 ab 
Daran + Captan 400 61.0 abc 49.2 c 58.1 ab 
Chitosan + Captan 200 57.3 abed 83.9 a 72.7 a 
Captan 200 44.7 bed 59.0 be 57.8 ab 
Chitosan + Captan 600 43.3 cd 68.1 abc 64.2 ab 
Captan 600 37.2 d 59.0 be 44.7 b 
 ^Average of 10 ungerTOinated seeds and three replicates. Means in columns 
followed by the same letter are not significantly different according to Duncan's 
Multiple Range Test at P = 0.05. 
 ^Means ppm (parts per million) . 
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combinations Daran-captan 600 ppm and Qiitosan-captan 200 ppm, 
but none of the treatments was significantly better than for 
the xmtreated control (Table 3). 
Significant reduction of embryo infection by Pythivm spp. 
was found in seed treated with captan at the standard 
rates of 600 ppm coirpared to the untreated control, at 4 DAP 
(Table 4). At 8 DAP, embryo infection of seed treated with 
Chitosan was greater than embryo infection of xmtreated 
control. There were no significant differences in embryo 
infection for treated or untreated seeds at 15 DAP. 
Association between seed colonization by PytJiium spp. and 
seedling emergence and early growth parameters 
Infection by Pythivm spp. had a significant inpact on 
stand establishment. Ttiis was supported by statistically 
significant negative correlations determined across all seed 
treatments between the emergence rate (r = -0.85), the final 
stand (r = -0.86) and seedling height (r = -0.66), and seed 
embryo infection (Table 5) . Similar statistically significant 
negative correlations were detected for coat infection and the 
emergence rate (r = -0.69), the final stand (r = -0.69) and 
seedling height (r = -0.61). Significant correlation 
coefficients were not detected between seedling root length 
and by both seed embryo and coat infection. 
Table 4. Embryo infection by Pythium spp. of ungerminated seeds treated with the 
polymers Daran and Chitosan alone or in combination with captan fungicide 
at 4, 8 and 15 days after planting (DAP) 
Embryo infection (%)^  
Treatment 4 DAP 8 DAP 15 DAP2 
Daran + Captan 400^  57.0 a 55.4 ab 45.0 
Daran 55.9 ab 57.8 ab 46.2 
Chitosan 55.1 ab 63.9 a 51.9 
Daran + Captan 200 50.8 abc 46.9 abc 43.1 
Iftitreated 49.9 abc 45.0 be 51.2 
Chitosan + Captan 200 48.9 abc 59.0 ab 62.0 
Chitosan + Captan 400 43.0 abed 55.1 ab 53.1 
Chitosan + Captan 600 41.1 abed 48.0 abc 53.0 
Daran + Captan 600 34.1 bed 57.0 ab 48.9 
Captan 400 31.9 cd 45.0 be 47.2 
Captan 200 30.3 cd 35.2 e 43.0 
Captan 600 26.1 d 43.1 be 39.1 
 ^Average of 10 ungerminated seeds and three replicates. Means in columns 
followed by the same letter are not significantly different according to Duncan's 
Multiple Range Test at P = 0.05. 
 ^Columns with no letters indicate no significant difference. 
 ^Means ppm (parts per million) . 
Table 5. Correlation coefficients of percentage of colonization^  of ungerminated 
maize seed by Pythium spp., across all seed treatments vs. emergence rate 
index (ERI), final stand (%), seedling height (ram) and root length (ram) ^ 
Seed conponent ERI Final stand Seedling Seedling 
height root length 
Embryo -0.85*** -0.86*** -0.66** -0.44 
Coat -0.69** -0.69** -0.61* -0.36 
 ^Averaged value over 4, 8 and 15 days after planting (10 seed sanple/plot/3 
replications. 
*** Significant at the 0.05, 0.01 and 0.001 levels, respectively. 
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Effect of seed coat polymers on maize emergence \inder 
laboratory soil test 
Emergence rate and final stand was greater in the 
\antreated control when planted in pasteiarized soil than for 
the rest of the treatments, however, ERI and final stand of 
captan treated seeds were significantly greater than that for 
captan combined with polymers, polymers alone and the 
mtreated seeds planted in non-pasteurized soil (Table 6) . 
Disease evaluation and seed leakage 
Most seedlings in the field at the time of the final 
stand count appeared healthy. The number of stunted and 
yellowed plants ranged from 3.7% for the untreated control to 
1.0% for captan at 600 ppm, but there were no significant 
differences among treated seeds and untreated seeds (Table 7). 
Root pieces from captan at 400 ppm treated seedlings showed no 
infection and, together with captan at 200 ppm and Daran 
alone, had fewer infected roots than seedlings from untreated 
seeds. Electrolyte leakage determined at laboratory level for 
captan treated seeds except for Captan 400 ppm and Captan 200 
ppm, polymer-captan contoination treated seeds or polymer 
treated seeds was significantly higher than that for untreated 
control. However, no trend was observed between the amount of 
electrolyte leakage for each seed treatment determined at 
laboratory level and diseased plants under field conditions 
Table 6. Effect of seed treatment with the polymers, Daran and Chitosan alone or in 
combination with captan fimgicide, on maize seedling emergence rate index 
(ERI) and final stand (%), determined by cold soil test 
Treatment ERI^  Final stand (%) 
Iftitreated 9.71 a 95.33 a 
Captan 600^  5.36 b 51.67 b 
Captan 400 4.76 b 46.33 b 
Captan 200 4.76 b 46.33 b 
Chitosan + Captan 600 2.84 c 26.33 c 
Chitosan + Captan 400 2.25 cd 20.76 cd 
Daran + Captan 200 2.22 cd 21.67 cd 
IMtreated 2.01 cd 19.33 cde 
Daran + Captan 400 1.98 cd 17.00 cde 
Daran + Captan 600 1.84 cd 18.00 cde 
Chitosan + Captan 200 1.25 d 12.33 e 
Daran 1.01 d 10.67 e 
Chitosan 0.98 d 9.67 e 
 ^Total of five observations and three replications. Means in columns followed 
by the same letter are not significantly different according to Duncan's Multiple 
Range test at P = 0.05. 
® Untreated seeds planted in pasteurized field soil. 
 ^Means ppm (parts per million) . 
Untreated seeds planted in non-pasteiirized field soil. 
Table 7. Electrolyte leakage of maize seeds treated with polymers Daran and Chitosan 
alone or in combination with captan fungicide and its relation with datiped-
off seedlings under field conditions 
Treatment Electrolyte ^  
leakage 
Damped-off ^  
seedlings (%) 
Root pieces " 
colonized (%) 
Daran + Captan 600^  100.5 a 2.0 * 23.3 abc 
Daran 95.0 ab 3.3 5.0 c 
Chitosan 93.0 b 1.3 28.3 abc 
Chitosan + Captan 600 93.0 b 2.0 6.7 be 
Chitosan + Captan 200 90.5 be 2.3 28.3 abc 
Chitosan + Captan 400 85.5 cd 2.3 16.7 abc 
Daran + Captan 200 85.5 cd 1.7 40.0 a 
Daran + Captan 400 82.0 d 2.0 10.0 abc 
Captan 600 70.5 e 1.0 30.0 abc 
Captan 400 67.0 ef 2.7 0.0 c 
Captan 200 66.0 ef 2.7 5.0 c 
IMtreated 64.0 f 3.7 38.3 ab 
 ^Average of 100 implanted seeds and two replicates, electrical curxent value in 
microamps. Means in columns followed by the same letter are not significantly 
different according to Duncan's Multiple Range Test at P = 0.05. 
 ^Total percentage of dairped-off seedlings recorded 1 month after planting. 
Values are the average of three replicates. 
 ^Average of root pieces infected by Pythium spp. from 20 root segments 
evaluated from two danped-off seedlings per each plot and three replicates. 
 ^Means ppm (parts per million) . 
* Columns with no letters indicate no significant difference. 
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(Table 7). 
Effect of Chitosan on Pythium ultimm under in vitro 
conditions 
Hie incoirporation of Chitosan (Nutri-save®) to water agar 
had a marked influence on radial growth of Pythium ultimm. 
As shown in Figures 2 and 3, increasing the polymer 
concentration led to inducing morphological abnormalities of 
P. ultimum hyphae characterized by contortion and shortness of 
hyphal branching, and to inhibiting mycelial growth of the 
fungus. A 2.0% concentration resulted in an 82.0% reduction 
in trycelial growth. Inhibition of 42.0% and 47.0% were 
observed at 0.5% and 1.0% Chitosan concentrations. 
DISCUSSION 
In this study, the low captan concentration was as 
effective as the standard captan rate in promoting maize 
seedling emergence, final stand and seedling height. These 
results are in agreement with a previous study (Wilson et al, 
1993) that seed treatment formlation including captan was 
usually effective against Pythium spp. in inproving sweet com 
seedling stand. 
The polymer-captan treatments were inferior on inproving 
maize emergence and early growth than captan alone. These 
results are inconsistent with a report (Baird et al, 1994) in 
57 
Figure 2. The effect of Chitosan concentrations on hyphal 
morphologY of Pythium ultimum grown on water agar 
amended with A, 1% Chitosan; B, 2% Chitosan; C, 
Unamended 
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Figure 3. Growth of Pythium ultiirium plated on water agar 
amended with Chitosan at three different rates (A = 
Unamended, B = 0.5% Chitosan, C = 1.0% Chitosan and 
D = 2.0% Chitosan) . Bars indicate standard 
deviation means 
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which sweet com seed treated with the inert polymer seed 
coating Ongard plus a standard fimgicide formulation including 
thiram, carboxin, captan, metalaxyl, and imazil had superior 
stand corrpared to the standard fungicide treatment. 
The seed treatments with polymers in combination with 
reduced concentrations of captan were ineffective in 
controlling infection by Pythium spp. as evidenced by numbers 
of infested maize seeds. Cool soil conditions may have been 
unfavorable for seed germination and may also have promoted 
Pythium spp. infection across all treatments. The beneficial 
effect of captan alone at the standard rate was much more 
evident. This result was also supported for the response of 
seed treatments in laboratory cold soil test that captan seed 
treatment may be helpful imder conditions conducive for 
Pythium infection. It is imlikely that polymers alone act as 
a physical barriers against Pythium spp. Factors related to 
the enlargement of the seed in the imbibition process and the 
reduced plasticity of the covering polymer, and the water 
soluble polymer property explain the polymer cracks, allowing 
ports of entry to the fungus. Another possible explanation 
for limited polymer control of seed decay is they may 
increase electrolyte leakage content around the germinating 
seed and promote colonization of seeds by Pythium spp. 
Under in vitro study, Qiitosan showed a fungistatic 
effect on Pythium spp. as reported by others with several 
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pathogenic fmgi (Hadwiger and Loschke, 1981; Hirano and 
Nagao, 1989; Kendra et al, 1989; Benhamou, 1992; Benhamou and 
Theriault, 1992; El Ghaouth et al, 1992;), including Pythiim 
paroecandrum (Stossel and Leuba, 1984) and Pythivm 
aphanidermatum (El Ghaouth et al, 1994) . This finding was not 
ejqjressed under field conditions. Additional trials need to 
be done to more fully e3<plore the polymers capacity to improve 
the persistence of fungicide on maize seed coat and its 
consequent effect on Pythivm spp. infection development. 
We conclude that the commercial rate of captan 
application to ensure acceptable emergence rate and final 
stand could be reduced. Seed treatment polymers, used in this 
study, in combination with reduced concentrations of captan 
were ineffective against infection of ungerminated maize seeds 
by Pythium spp. The previous paper, however, did show the 
potential of other polymers as a means of reducing captan 
dosage and further work in this topic should be pursued. 
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GENERAL SUMMARY AND CONCLUSIONS 
In a greenhouse test performed in 1992, five polymers 
applied to maize seeds alone or in combination with captan 
were evaluated. Final emergence of seeds treated with the 
polymers Chitosan, Sacrust, Sepiret, Surelease and Daran was 
either lower than or similar to that for imtreated control. 
When captan was combined with Chitosan, emergence rate was 
similar to that of seeds treated with captan alone. Seed coat 
infection for seeds treated with captan or polymer-captan 
combination was not significantly different from the untreated 
control. 
In 1993, the effects of film-coating materials used as 
seed treatments, either alone or in combination with the 
standard captan seed treatment on field emergence and final 
stand of two maize hybrids differing in quality were 
evaluated. The emergence rate index (ERI) and final 
establishment were used to interpret seed treatment efficacy 
for control of maize seed decay induced by Pythlum spp. at 
early planting. The polymer Certop in combination with captan 
was as effective as captan alone in increasing rate of 
emergence. Cotrpared to the untreated control, the ERI was 
increased from 2.70 to 6.06 and 6.28 for captan and captan 
plus Certop, respectively, for the low vigor seed lot. For 
the high vigor seed lot, the ERI was increased from 5.82 in 
untreated control to 7.02 and 7.54 for captan and captan plus 
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Certop respectively. For both high and low quality seeds, 
treatments that increased ERI also significantly increased the 
final emergence and maize seedling height. Polymers alone did 
not have significant influence on increasing emergence rate 
for either high or low vigor treated seeds. Colonization of 
the seed coat and embryo by Pythium spp. of imgerminated seeds 
evaluated 4, 8 and 15 days after planting gave no evidence 
that the seed treatments with polymers alone prevented seed 
infection by soilbome Pythium spp. The incidence of Pythium 
spp. in embryo and seed coat of ungerminated maize seeds, 
determined over time and across the different seed treatments, 
was negatively correlated with emergence rate and final stand, 
particularly for the low vigor seed lot. Polymers in 
combination with captan were inconsistent in reducing 
infection of seeds by Pythium spp. Pythium ultimum and P. 
irregulare were the species most frequently isolated from both 
seed coats and embryos. Although captan fungicide is 
extensively used in the maize industry, its efficacy on 
soilbome pathogens iznder field conditions has been little 
studied. This is one of the few studies of captan treated 
maize seed in which the control of one soilbome pathogen was 
achieved and the rate of emergence was increased in low 
quality seed under field conditions. 
In another trial, the potential of two water soluble 
polymers, Daran® 8600-C (vinylidine chloride-methyl 
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methacrylate-methacrylate-acrylic acid polymer) and Chitosan 
(Nutri-Save®) (N, 0, carboxymethylchitosan), applied alone or 
in combination with captan at three different rates to maize 
seeds for control of seed decay by Pythlvm spp., was evaluated 
in field and laboratory e3<periments. The field experiment was 
conducted in 1994, early in the planting season and seed 
treatments were evaluated for their effects on emergence rate, 
final stand, seedling height and seedling root length and 
\mgerminated seed colonization by Pythiim spp. at three 
different time periods after planting. All dosages of captan 
inproved the rate of emergence conpared to the imtreated 
control. The estimated main day of emergence, where seeds had 
been treated with captan 200 ppm, was the only treatment 
significantly greater than for the untreated control. Captan 
alone at 200 ppm seemed to be equally effective in improving 
final stand in field study with 71%, and laboratory tests with 
46%, cottpared to captan at the standard rate (600 ppm), which 
achieved 62% mder field conditions and 51% at the 
laboratory test. Captan applied at the standard rate, 
however, resulted in the greatest seedling height and root 
length. Daran combined with captan did not inprove any of the 
emergence parameters conpared with the \mtreated seeds and 
Chitosan significantly reduced emergence and final stand when 
combined with captan at 200 ppm. The treatments captan at 600 
ppm, captan at 200 ppm and the mix Chitosan plus captan at 600 
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ppm consistently reduced coat infection by Pythium spp. at 4 
DAP. For the rest of the evaluation times, none of seed 
treatments significantly reduced coat infection corrpared to 
the untreated control. Seed embryo infection was 
significantly less for seeds treated with captan at the 
standard rate of application at 4 DAP in cottparison with the 
•untreated control. At 8 DAP, embryo infection of seeds 
treated with Oiitosan was greater than embryo infection of the 
untreated control. Seed treatments did not significantly 
reduce embryo infection at 15 DAP. Seed treatment with 
polymers alone did not provide protection against infection 
nor iitprove plant emergence, tfeider in vitro conditions the 
polymer Chitosan showed a fungistatic effect on Pythivm spp., 
but this effect was not expressed under field conditions. We 
conclude that the commercial rate of captan application for 
improving emergence rate and final stand of maize could be 
reduced. Seed treatment polymers, used in this study, in 
combination with reduced concentrations of captan were 
ineffective against infection of mgerminated maize seeds by 
Pythium spp. 
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APPENDIX A. ANALYSIS OF VARIANCE OF THE 1993 FIELD 
EXPERIMENT RELATED TO THE ARTICLE "EFFECT OF 
POLYMERIC SEED COATING ON STAND ESTABLISHMENT 
AND SEED DECAY CAUSED BY PYTHUM SPP. OF TWO 
MAIZE SEED LOTS DIFFERING IN QUALITY" 
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Table Al. Analysis of variance for the 1993 field e3<periments 
measiiring maize seedling emergence rate index (ERI) 
of two different quality seed lots either fungicide 
treated or polymer treated, imder cold soil 
conditions^  
Low vigor High vigor 
Soiirce of df MS F value MS F value 
variation 
Treatment 8 4.36 5.81*** 2.25 7.58*** 
Block 2 1.70 2.26 8.78 29.27*** 
Residual 16 0.75 0.30 
 ^Refer to Table 2, Article I. 
*** Significant at 0.001 level. 
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Table A2. Analysis of variance for the 1993 field experiments 
measuring maize seedling final stand of two 
different quality seed lots either fungicide treated 
or polymer treated, under cold soil conditions^  
Low vigor High vigor 
Source of df MS F value MS F value 
variation 
Treatment 8 760.18 14.02*** 252.81 12.44*** 
Block 2 153.48 2.83 169.68 8.35*** 
Residual 16 54.22 20.33 
 ^Refer to Table 3, Article I. 
*** Significant at the 0.01 and 0.001 levels, 
respectively. 
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Table A3. Analysis of variance for the effect of seed 
treatment with polymers alone or in combination with 
captan fxmgicide on seedling height of two different 
quality maize seed lots^  
Low vigor High vigor 
Source of df MS F value MS F value 
variation 
Treatment 8 280.24 2.63* 424.27 3.43* 
Block 2 26.34 0.25 4323.62 34.99*** 
Residual 16 106.31 123.57 
 ^Refer to Table 4, Article I. 
*, *** Significant at the 0.05 and 0.001 levels, 
respectively. 
Table A4. Analysis of variance for Pythiim spp. seed coat colonization of low vigor 
seed lot for the 1993 field experiment measured at 4, 8, and 15 days after 
planting (DAP)^  
4 DAP 8 DAP 15 DAP 
Source of df MS F value MS F value MS F value 
variation 
Treatment 8 1036.67 3.88** 1297.00 1.95 1121.17 2.08 
Block 2 61.44 0.23 545.08 0.82 609.33 1.13 
Residual 16 267.40 665.03 539.17 
ui 
 ^Refer to Table 5, Article I. 
** Significant at the 0.01 level. 
Table A5. Analysis of variance for Pythiim spp. seed embryo colonization of low vigor 
seed lot for the 1993 field experiment measured at 4, 8, and 15 days after 
planting (DAP)^  
4 DAP 8 DAP 15 DAP 
Source of df MS F value MS F value MS F value 
variation 
Treatment 8 312.60 1.23 2565.54 13.21*** 669.00 1.12 
Block 2 100.33 0.39 38.30 0.20 613.44 1.02 
Residual 16 254.21 194.24 598.94 
 ^Refer to T&ble 5, Article I. 
*** Significant at the 0.001 level. 
Table A6. Analysis of variance for Pythivm spp. seed coat colonization of high vigor 
seed lot for the 1993 field e3<periment measured at 4, 8, and 15 days after 
planting (DAP) ^ 
4 DAP 8 DAP 15 DAP 
Soiarce of df MS F value MS F value MS F value 
variation 
Treatment 8 1164.43 6.80*** 630.59 2.22 465.67 0.46 
Block 2 1433.37 8.37** 705.59 2.49 674.33 0.66 
Residual 16 171.25 ' 283.51 1014.04 
 ^Refer to Table 6, Article I. 
*** Significant at the 0.01 and 0.001 levels, respectively. 
Table A7. Analysis of variance for Pythium spp. seed embryo colonization of high 
vigor seed lot for the 1993 field experiment measiired at 4, 8, and 15 days 
after planting (DAP)^  
4 DAP 8 DAP 15 DAP 
Source of 
variation 
df MS F value MS F value MS F value 
Treatment 8 170. 62 0.63 349.49 0.91 364.34 0.56 
Block 2 35. 70 0.13 248.59 0.65 1959.59 2.99 
Residual 16 269. 75 385.12 656.34 
 ^Refer to Table 6, Article I. 
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APPENDIX B. ANALYSIS OF VARIANCE OF THE 1994 FIELD AND 
LABORATORY EXPERIMENTS PERFORMED FOR THE 
ARTICIjE "USE OF POLYMERIC SEED COATINGS FOR 
REDUCING FUNGICIDE APPLICATION ON MAIZE SEED 
FOR CONTROL OF SEED DECAY CAUSED BY PYTHIUM 
SPP." 
Table Bl. Analysis of variance^  for the effect of seed treatment with polymers alone 
or in combination with captan fungicide, on emergence rate index (ERI)^ , 
major day of emergence (MDE), and final stand (%) of maize seedlings 
planted under cold field conditions 
ERI MDE Final stand 
Source of df MS F value MS F value MS F value 
variation 
Treatment 11 1.09 7.79*** 52.54 1.86 310.69 5.64*** 
Block 2 0.15 1.07 4.19 0.15 68.53 1.24 
Residual 22 0.14 28.26 55.07 
 ^Refer to Table 1, Article II. 
 ^Daily emergence recorded beginning 17 d after planting until 24 d after planting. 
*** Significant at the 0.001 level. 
Table B2. Analysis of variance for the effect of seed treatment with polymers alone 
or in combination with captan fimgicide on seedling height (mm) and 
seedling root length (ram) of maize planted under cold soil field 
conditions^  
Source of 
variation 
df 
Seedling height Root length 
MS F value MS F value 
Treatment 11 6353.3 3.31*** 2932.2 2.45*** 
Block 1272.5 0 . 6 6  759.5 0.64 
Residual 22 1920.7 1194.6 
 ^Refer to Table 2, Article II. 
*** Significant at the 0.001 level. 
Table B3. Analysis of variance for Pythivm spp. seed coat colonization for the 1994 
field experiment measured at 4, 8, and 15 days after planting (DAP)'-
4 DAP 8 DAP 15 DAP 
Soiirce of df MS F value MS F value MS F value 
variation 
Treatment 11 556.17 2.91* 273.38 1.38 226.48 1.06 
Block 2 478.93 2.50 43.77 0.22 33.38 0.16 
Residiial 22 191.44 198.41 213.58 
 ^Refer to Table 3, Article II. 
* Significant at the 0.05 level. 
Table B4. Analysis of variance for Pythium spp. seed embryo colonization for the 1994 
field esqjeriment measiired at 4, 8, and 15 days after planting (DAP)^  
4 DAP 8 DAP 15 DAP 
Source of df MS F value MS F value MS F value 
variation 
Treatment 11 354.23 2.15+ 206.86 1.95+ 111.42 0.58 
Block 2 63.97 0.33 176.28 1.67 109.81 0.57 
Residual 22 164.99 105.81 191.83 
 ^Refer to Table 4, Article II. 
+ Significant at the 0.10 level. 
Table B5. Analysis of variance for the effect of polymer seed coating on maize 
emergence rate (ERI) and final stand(%) under cold soil test conditions^  
ERI Final stand 
Source of 
variation 
df MS F value MS F value 
Treatment 12 17.97 39.93*** 1741.34 62.43*** 
Block 0.58 1.29 29.95 1.10 
Residual 24 0.45 1336.50 
 ^Refer to Table 6, Article II. 
*** P < 0.001. 
